PRESENTATION
The 5th IAHR International Symposium on Hydraulic Structures (ISHS2014) together with the 11th National Conference on Hydraulics in Civil Engineering addressed conventional and innovative aspects of hydraulic structure design, operation, rehabilitation, and their interactions with the environment relevant to the 21st century. The main themes of the symposium, Hydraulic Structures and Society -Engineering Challenges and Extremes, embraced the hydraulics of dams and hydropower schemes, river structures, hydraulic structures in urban drainage and sewer systems, as well as coastal protection systems. But let us consider the basic questions: what constitutes a hydraulic structure? what are the engineering challenges associated with hydraulic structures?
A hydraulic structure is an artifical system which interacts with the flow of water. It may be introduced in a natural system to divert, control, store and manage the water flow: e.g., a dam and its reservoir ( Fig. 1 to 3 ). Hydraulic structures may be used to pro-actively control the water flow motion: e.g., a coastal breakwater built to protect a harbour or stabilise a coastline. The construction of dams and hydraulic structures is one of the oldest civil engineering activities, because our specie (homo sapiens) is totally dependent upon water. Like human beings, the beaver is the only animal building hydraulic structures and the result is the beaver dam. Beavers are sometimes called "the engineers of Nature" (Dubois and Provencher 2012). While the date and location of the oldest hydraulic structure are lost to time, the world's most famous heritage structures encompass the water supply system of Babylon's Hanging Gardens, the Grand Canal linking Guangzhou, Shanghai and Beijing (China), the Marib dam in Sheba (Yemen),the Roman aqueducts including the 132 km long Carthage aqueduct (Tunisia), and the Taj Mahal water supply system (India). Hydraulic structures were utilised in historical conflicts. Droughts were artificially introduced, as during the siege of the ancient city of Khara Khoto when the Chinese army diverted the Ezen river supplying the water to the city in AD 1372. Artificial flooding created by dam and dyke destruction were used, including during the war between the cities of Lagash and Umma (Assyria) around BC 2,500 for the control of water supply and irrigation systems, and with the breaching of the Huang He River dykes by the Chinese Nationalist army during World War II. During World War II, the Royal Air Force bombed the Ruhr dams. The Möhne dam was badly damaged by the "dam busters" on 16/17th May 1943, and almost 1,300 people died in the floods, mostly inmates of a prisoner of war (POW) camp located just below the dam.
A number of engineering challenges are closely linked to the hydrodynamics and fluid flow motion. Theoretical and numerical studies of turbulent flows at hydraulic structures are complicated by (a) the large number of relevant equations: i.e., three basic equations (continuity, momentum, energy) with a number of turbulence closure relationships, plus some mass transfer equations, and (b) the complexity of the boundary conditions. Many studies rely upon some physical experiments. Laboratory model studies are performed under controlled flow conditions with geometrically similar models (Henderson 1966) . In the study of hydraulic structures with free-surface flow operation, a Froude similitude is commonly used because the gravity effects are dominant (Novak and Cabelka 1981, Chanson 2004) . The model and prototype Froude numbers must be equal. However the turbulent dissipation processes are dominated by viscous forces (Liggett 1994). Dynamic similarity becomes impossible using the same fluids because of too many relevant parameters. Although most hydraulic structure model studies are designed based upon a Froude similitude, the dynamic similarity implies drastically smaller Reynolds numbers than in the corresponding prototype flows. There are hence a number of critical issues with the validity of model result extrapolation to prototype flow conditions, the validation of numerical results calibrated against small-size physical model data and the use of un-tested model data. Relevant discussions include Novak and Cabelka (1981) , Liggett (1994) and Chanson (2009) . A recent study demonstrated that true dynamic similarity might not be achieved unless at full scale in some situations and called for prototype testing (Chanson 2013).
Two key issues in hydraulic structure design are conveyance and energy dissipation. Conveyance means the (safe) transport of a large amount of water, for example into the intake and barrel of a culvert. The conveyance of the system is closely linked to the intake structure (e.g. spillway crest) and channel design (Fig. 1) . It relies upon fundamental hydrodynamics and theoretical studies with a range of trusted and proven solutions. Figure 1 illustrates a labyrinth spillway crest designed to maximise the discharge capacity in a relatively confined environment. The energy dissipation takes place down the chute and at the downstream end of the structure. The amount of kinetic energy to be dissipated can be gigantic, and it must be dissipated safely before the floodwaters rejoin the natural river system. The design of the energy dissipators relies upon some sound physical modelling combined with solid prototype experiences. A massive challenge is the magnitude of the rate of energy dissipation in some hydraulic structures at design flow conditions. As an illustration, a small weir discharging 25 m 7,500,000,000 W, comparable to and larger than the energy production rate of eight 900 MW nuclear reactors. For comparison, the combined power output of the two Three Miles Island nuclear reactors was 1,750,000,000 W, while the power output of Fukushima nuclear power plant was 4,700,000,000 W, and the Chernobyl nuclear power station produced 4,000,000,000 W, prior to their respective accidents.
The energy dissipation at a hydraulic structure can be enormous and its design is far from trivial. Many engineers have never been exposed to the complexity of energy dissipator designs, to the physical processes taking place and to the structural challenges. Several energy dissipators, spillways and storm waterways failed because of poor engineering design (Novak and Cabelka 1981, Novak et al. 2001) . It is believed that a major issue was the lack of understanding of the basic turbulent dissipation processes and the intrinsic limitations of physical and numerical models. Physical studies are conducted traditionally using a Froude similitude which implies drastically smaller laboratory Reynolds numbers than in the corresponding prototype flows. Despite advances, there are some basic concerns about the extrapolation of laboratory results to large size prototype structures, as well as the implications in terms of numerical model validation and numerical data quality.
In dam engineering, the re-evaluation of spillway discharge capacity, including the spillway re-design, is a further challenge, especially in the regions with extreme hydrology and limited records, like Australia, Africa, and Asia. For the last few decades, a number of dams sustained a flood significantly larger than their original design flow, before their spillway capacity was re-evaluated (Lemperiere et al. 2012) . A further number of structures experienced discharges larger than the design capacity and failed. Worldwide there is a lack of broad guidelines to estimate the maximum spillway capacity: "consensus is far from being reached on the issue of spillways design" capacity (Lemperiere et al. 2012) . Figure 3 illustrates a modern dam spillway recently enlarged to increase the spillway capacity and reservoir storage. At the 4th IAHR International Symposium on Hydraulic Structures (Porto, 9-11 February 2012), a panel of leading practitioners highlighted: "our design procedures for major hydraulic structures is often all too optimistic"; "on many occasions, the expression of one's experience on the extremes of hydraulics behaviour is often countered with skepticism "; "there is nothing virtual about hydraulic engineering and hydraulic structures". The 5th IAHR International Symposium on Hydraulic Structures (Brisbane, 25-27 June 2014) is a timely reminder that our society needs innovative design in hydraulic engineering and structures. A key challenge is the diversity of hydraulic structure designs, the complexity of each type of design, and the challenges associated with the magnitude of the rate of energy dissipation during major flood events. Our community needs to broaden the knowledge base in hydraulic structures, through the development of independent learning skills, further education in hydraulic engineering and innovative research and development (R&D). It is believed that the present symposium proceedings do provide the engineering profession with real-world state-of-the-art expertise in hydraulic structure design. 
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In response to the Call for Papers which was sent out in 2013, the Scientific Committee received over 50 full papers for presentation at the conference, either orally or as a poster. The Panel of Reviewers was drawn from the IAHR and Engineers Australia communities and other international and national experts in fields relevant to the symposium themes. The Panel reviewed all papers submitted for publication in the ISHS2014 Proceedings. All papers submitted for presentation were peer-reviewed by at least two independent reviewers according to a set of criteria established by the Scientific Committee. Authors were then requested to revise their manuscript in accordance to the reviewers' comments and editorial recommendation, and to submit for final review before inclusion in the Proceedings. The final number of papers accepted for publication in the Proceedings was 37. The publication of the symposium papers marked a significant contribution of this event. Altogether the proceedings contain 40 papers involving 84 authors from 17 countries and 6 continents, including 2 invited keynote papers and an editorial paper. The symposium proceedings were edited by the Chairs of the Scientific Committee, Hubert Chanson and Luke Toombes. 
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